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lov Ae Gubject - The subject of this thesis ia the development of 
@ design for the more coumon military timber bridge structures which 
might bo utilized by the U. 3, Marine Jorps with the apeeifie in- 
tent. of effeating standardization to the fullest practicable extent. 
on Be Hietery ~ Military briiging eperations follow a general 
Pattern dicteted by doctrine bern of practical necessity. ‘hen in 
‘the courge of combat ae atream crossing is encountered, the structure 
dnitielly employed to provide more or less unrestricted vehiouler 
passage is soubie.s prefabricated bridge such as the fixed panel 


_ keneiyely in World War Il. These structures are designed with ea 


view toward rapid croetion under adverse combat conditions and adap- 
febllity to a wide range of eite conditions, After the advance has 
progressed forward sufficiently a semi-permanent bridge is constructed 
end.the prefabricated bridge dismantled for further use in direct 
@upport of the combat, operations. Short spen semiepermanent bridges 
are also frequently ueed in tho improvement of mein supply routes 

%© eroen narrow gulches end revines or minor drainage channels. 

These comi-permanent bridges ere commonly made of timber due to its 
ease of fabrication with the toole ordinerily aveilable te the con- 
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_» Am the past timber bridges bave often been designed by the 
person direetly in charge of its construction according to the 
Gite conditions being confronted and the msterials available to 
him at tho time, Thie meant that the time required to design the 
Structure oocurred efter the job was encountered, often as not the 


 @esign was by "rule of thumb” processes, the design was forced to 


fit the available materials and the construction procedures were 
devised on the “individual problem" basis, These undesirable 


 @Oneequences were roadily recognized and as a result stenderdi- 


gation in certain respects was instituted to varying degrees at 
levele ranging from the construction unit to the engineer officer 
Fesponsible in a given area of operations. However standardization 
fim the main has alwaye been limited by availability of materials 
&8 Opposed to making specific timber materiale in grade, size, 
length, etc. available according to the requirements of « standard 
design. 

@, Objective - The objective herein is to predesign ae fer 
ae practicable the semi-permanent timber bridges which are most 
@Gommonly employed by the JU. 5S. Marine Corps in militery operations 
‘@seordine to the varying demand of traffic capacity, load capacity 
and site conditions; and to determine the extent to which standardi- 
‘gation of construction details, structural desicn and component 
Materials required is feasible. In so doing it may be possible to 
fmprove efficiency in construction by training erection crews in 
the fabrication of standard joints ani deteile, to produce the most 


‘@eonomical but satisfactory design by deliberate predesign according 
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Bete.» 9 sah Antrons 
“AL Types of Bridges + Though many types of bridres are used 
for cemiepermenent installations in the combat zone, the timber 
t¥estle bridge is by far the most prevalent. This is due to the 
fact that euch « structure requires the least smount of material, 
it ie most casily and quickly constructed and ite suitability te 

@ perticoular site is not limited by the totel span length of the 
d¥oesing., The trestle bridce io applisable to those sites that 

| aeOWERNSr dey Gr the streams ere comparatively shallow, slowmoving 
and have « reesonnbly firm bottom. Portumately these requirements 
afe met in many crossings. In those instances where the nature of 
{WWW precludes the use of a trestle type structure, some type 
of truss bridge may be suitable. However if the required trues — 
ig ‘amything more then » simple short opan truss, it is usunlly the 
practice to put in a fixed panel type bridge such as the Belley for 
Gemispermanent service, Inasmuch as the primery interest here is 
standardization, the types of bridges to be considered will be limited 
te those which ocour frequently enough to cause standardization to 
BO pFofitables i. ©., the timber trestle construction end simple — 
tase bridges of limited span practicable for timber construction, 
“©o* Since the structural design of a timber trestle bridge is net 
a fumetion of ite total span length, there is no Limitetion in span 
for this type of construction to which standardization will not be 
Gpplicadle. However in tho case of truss type bridcos only those 
Spex lengths will be investicated that ean be constructed from tim- 
bérs required in the trestle structures it being felt that longer 
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Mera, wAd)de ef auch infrequent ocourance that considerations — 

of standardization wil) not be worthwhile, The limiting spen 

for truss bridges wil) therefore have to be determined as the in- 
wie, Be bead Japseities — The nature and magnitude of loads to 
pe carried by military bridges ogn be predicted fairly well bew 
@ause they will be used aluost exclusively by standard military — 
Vehicles whose maximum gross woighte and configuration are know. — 


a. During the greater part of World Wer II it was common practice to 


build. main supply routea to « capacity of 35 tons per lane, Thie 
particular capacity limitation was due to the fact that the | 


places as to permit special consideration of bridging problems 


© iithout, the pressure of extreme military, urgency... lioweyer the 


evolution in tenk design during the latter part of world sar il 

nd singe hes chenged the situation somewhat. First the Sherman 
meight increased to epproximetely 37 tons, Then the "Jeneral Patton" 
fenk of approximately 46 tons grose fighting weight was introduced. 
Im the light of experience in the Korean war this tank eppears to 

be supplanting the Sherman as the principle armored vehicle for 
general purpose combat use. Therefore it seems that a route eapa- 
sity governed by the loads imposed by the heavier Patton tank will 
in the future come to be the usual requirement rather than the 
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bpecisl case. There\are relatively few vehicles employed in com 
bet by the Marine dorps between the 37=ton and Aé-ton weight elase 
and therefore on those routes which the Patton tanks will not be 
used, the 57ston oapacity is till e reasonable upper limit to pro- 
Wide for the transit of 211 other someon military traffic including 
the Lighter Shermans, Hence from the point ef view of standerdiza~ 
tion, bridges of two load enpacitics will be dealt withs that which 
will*cerry up to and including the Sherman tank and thet which will 
efrey-the Patten tank 

the (Qe Trafeie capacity + Military bridges providing a moane of 
atreem crossine generally have a maximum of two laneas one in either 
direstion, On many cecasions single-lane bridges are built as is 
the case wher the highway is limited to one-way traffic for military 
reasons, In those isolated instances where more than two traffic 
lanes are recuired at a single srossing point, separate bridges are 
butit eufficiontly distant from each other to preclude complete 
traffie stoppage by 2 single hostile attack, For these reasons, 
the proposed standard design will include only single-lane and 
deuble-lene bridres, from practical considerations it is probable 
that ‘the truss design will be further limited to single-lane bridges 
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_ Manterd Spdgitiogtions tor | itighway Bridges and National design | 
a esatten for Stress=grate Landen, and Ite Fastonings will covern. 
: 4 Be Design | Vehioles - ~ "stage the licht bridge is to be dow 
stgned epecifisally to pass the Sherman tank a6 well ao any vehicle 


oun) or less groes weight it is appropriate to use that tenk as 
gn ve vehicle (Pig 1). Tt has « cross weight of 74,000 pounds 
Atetrtbuted on tind tracks that are $4 inches center to center. Each 
track is 16 2 inshes wide with a ground contact longth of 147 


inches, This poustte in a ‘iden ground pressure of 15.25 pounds 
per inch for a length of 147 inches. Such a design vehicle will 
pose the most severe londing with regard te bending and shear in 
stringers and floor beams ae well as stresses in bents and trusses, 
However the wolk distributed nature of the load due té the tracks 
does not produce a oritiony: eondition for stresses in the deck. 
Therefore st te neceseary to select companion wheeled vehicle of 
ent eee bap ae to be used for design in this instance. 

ip ane wheeled vehicle of aperoxinately, 57 tons 
gross weight whoee uso is sufficiently wideapread to warrant 


as the limiting vohicle to be passed by the light bridge, 
However tho hypothetical 1 205 16 truck of the AALS, O, affords 


5 wheeled vehicle 6f approxinntely the required weight magnitude, 
eee te ae tke Denting He eet se 


2 Design Yehicle for Heavy Gridg 
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Fig. 1 Design Vehicle for Light Bridge 
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Fig. 2 Design Vehicle for Heavy Bridge 
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unreasonable inasmoh es it produces major wheel load of 16,000 
pounds distributed ever 20 inches of width a° compared te a wheel 
load of 14,900 powids on an effective width of 26 inches found on 
one partioular military vehicle in the 35-40 ton weight range. — 

‘oe (Similarly the Patton tank (Fig. 2) will be used as.the design 
Yehiole for the hoavy bridge, However in order to anticipate futare 
modifications which inevitably result in weight increase, a gross 
weight of 110,000 pounds instead of the surrent fighting weight of 


92,500 pounds 49 coneidered more appropriate for design purposes, 


Thies tenk has two trecks 110 inches genter to center whieh are 24 
inghes.in width end have a ground contact length of 152 inches, 
It produces a uniform cround pressure of 15.08 pounds per square — 
inoh.and a uniformly distributed lead fer each track of 362 pounds 
perinoh, Again the companion wheeled vehicle for design will be 
a hypothetical truck-tractor with semi-trailer of 108,000 pounds 
gross weicht proportional to the H+S leading of the AsAsSelieO,  — 


. Sasha design vehicle with a maximum wheel load of 24,000 pounds 


distributed over 50 inches of width compares favorably with 22,900. 
Pounde onan effective width of $2 1/2 inches encountered on.cne 
partioular military vehicle, | , | 
o. a of aay tady i The vequiset clear width between 
pt tinbere ‘for the single ‘lane light bridce is detoratned by 
Pon MS that by nxt overall width ‘of vehicle te use the bridge 
to be 1 102 ‘tnohee and permitting a aketneh aarginal clearence et 
‘oide, This rosulte in a clear ath of 150 inones or 12 ye 4 


Se i Por the double Ses brldge - 102einoh vohiolen ¢ are 
Oeenituds will be used excent &} 
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aeouned to pase each other similtansously with each having a 12 inch 
marginal clearance and a medial clesrande of 36 inchos between them. 
‘Pease total of 264 inches or 22 feet of clear width is required. 
“gn the case of the heavy bridge the seme olesranses as used on 
‘Ghe 1aght ‘bridge dio applied but the design vehicle is taken as 158 
“Pishes in overall Width. ‘This Pedufres for « single lane bridge 186 
inches or 15 1/2°fest of clear roadway and for e double lane bridge 
“338 tnohes or 28 feet of clear width is needed, 
Bp, “ORRMP Be eligh’ Louie's’ Rend Loud will constet of that portion 
“of the ‘woizht of the structure by which any particular member 16 
“ghbdieed. "fhe untt’ weight of uiber W111 be taken as 40 pounds 
“per Subic foot: This ficure provides adequately for the use of any 
“Phrese-crade luibor marketed in the United States which is ina 
“dried state (15 to 18 por cont moisture content). Nominal dimensions 
‘eft. WE died ‘ini ‘ncsepitifing dead Vethte av « matter ef conventence 
“ giince ‘the error incurred is insignificant and dead load rarely affects 
“the required size of mouber drastically. se aes 
O” “Fupdst stresses will be computed as 30 per cont of the stresses 
“Yue to Lave load. This follows the A\A.5.#.0, epectfioations which 
“Pequire that tmpact stresses be computed by the formla FB 
L + 


higher RYSae twere7? thet 
BAPE, 2 An gargee dun to Sapect, 5 te Live load stress and 1 is the 


»phosded. epan length in feet required to produce nexium « streas. Howe 
a ever the voax dou impact. fraction is jinited te Png per cent apeonell 
epmguld require that the loaded Jongh be. tn eoxeons of a 13 feet to 
opfeduce the fraction, — It ie Amprobable that span Jongthe A of mush 8 


magnitude will be used except in the Senger truss bridges. Consequently 
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the 30 per cent factor is both convenient ac well ae conservative, 


oye Hind loads will aot be considered in the trestle bridges as 
stresses produced by wind on that type structure are considered 
neihiaibic an view at tthe relatively emall eurface areas presented 

to the wind. in the case of truss bridges A.A,5.1,.0. specifications 
regarding wind lean wil be. followed, 

<ceey le Monde other then dead, live, wind end impact will be eon- 
(eee. Allowable Unit Stresses - In order to zein full advantage 

of relatively precise engineering design, stress-grade lunber with 

&. fixed allowable working stress must be utilized, Sinee allowable 
working streases vary not only with species of lumber but also with 
the several grades of a given species, it seems advisable to develop 
the standardized design based on the species and grade most likely 
‘%0 be available in military operations and thon attempt to devise 

@ method for determining required member sizes when using lumber of 
a different allowable stress, Douglas Fir and Southern Pine are pro- 
duced in greater voluse than other domestic species and are therefore 
aonsidered most likely to be available for procurement end ultinete 
use dn combat areas, Furtheraore it would not be fetel to use a 
higher grade luaber then required by the design whereas ® lewer grade 
would be dangerous, <Gonsequently the selection of allownble stresses 
applicable to one of the lower grades ef these two species would be 
@ sound choice, Examinetion of the allowble unit stresses as speci+ 
and its Fastenings indicates that use of the following listed stresses 
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in ‘the basic desicn will pormit the safe use of wost of the stress — 
ghades of Douglas Fir and Southern Pine: 


/ ADlowble Unit Stresses = =  —-—-s ( pounds per equare ineh) 
‘Eatreme fiber in bending lee 1600 

Tension psrallel te grain 1600 
‘Horizontal shear — presieiee xbky: Pui i 
Compression perpendicular ccrein 

‘Gompression parallel to grain 1150 


A@éording to the provisions of the National Design Spesification 
these allowble unit stresses are applicable for normal loading con- 
‘ditions, Normal londing 19 defined as the application of the full. 
maxima normal design load for a duretion of approximately three 
yeere or ninety per cent of the full maximum noraal design load 
continously throughout the life of the atructure without encroach- 
ing on the factor of safety. In those instances where the duration 
ofthe load ia limited, certain percentage increases sre allowsd 
inethe “allowable unit stresses depending upon the length of time 
the "particular loed fs expected to be sustained. 

(he Agopreviously stated the proposed desicn will be based on the 
support of dead, vehicular, wind ond impact leads only. With regard 
to duration, dead load comes within the scope of normal leading ¢on- 
ditfone if the expected life of the bridge is not over three years 
which fe reasonable in military censtruction. Therefore the allow~- 
able unit stresses are applicable without any inerease being pere 
mitted, Though the specifications permit an increase of 33 1/3 
per cent —, nr pe a. Hansen in his "Timber Engineering Mend- 
book” indicates that for feedsige not exceeding » duration of five 
minutes an nenen, of 5 per cont should be permissible and cites 
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tenoy may be reconciled by the fect that the 33 1/3 per cent indi- 
ented in the apecifigntions.is actually the peraitted increase for 
8 losd of eight hours duration whereaa wind leads. are ordinarily 
based on the highaet eusteined. sind velocity for a poried.of only 
five mimites as. ‘Aeharvined from, data of the U. &. veathbr Bureau. 
donsesuenty the specifications songervatively place wind loads in 
the TR Bein duration eategory while Hansen classes it mere 
“properly ac. heving « duration of five minutes and therefore worthy 
of greeter inoreace, Aocapting the plausability of a permissible 
dnemense, of S0..er 00k Lor, leeds of leas then five nimuten, duration, 
uch en inorease can be justified for vehicular loada ainse the 
@treases induced at a point in the structure may be considered as 
mot persisting for periods in excess of five minutes if the vehicle 
mainteins motion. The applicability of a 50 per cent increase for 
moving velxicular loads is further substantiated in publications of 
ithe Department of the Army desling with design data for militery 
pepeoifications permit 100 per cent inerease in the allowable unit 
stresses. 

| lo recapitulate then, in the proposed desiga the allowable 
‘unit -ctresses previously selected will be subject to increases as 
Andioated for oaximum design loads of tho following nature: 
the Fan: cePend Land 08 | 


otheen. | Nebtovler Load = 50% " 
Impact Load - 100% 
" bend Ln. strens. mw RAIL ELF OeeA rk ACR? sree ‘thy 


13 
14 


~ahosmon! dooreqge liT synagedeo aided wildy gukgoo aeebool balw: 
«that tooo veg €\L 2% ene dodt dost odd yd bollonosen,ed yam yoned» 
qo senottat bedsierisg edd yllaydea wt cushenetttongs et? oh bedao 
gibtantivn eie-obeol bolw emetedy aoltamd sisod daigte. ‘to beol ao 
“nn to halves # rot yPtooley Baty boniasawe Jaca ed le 
saw tadimel .& it edt 20 adeb word beataresed od katunbagnil 
at abel Sate soalg ylevivawsesnos eeofianttinege odd ydrevpeemedh, | 
gee Th evacals sonnet ofisie viegntao mahs wiv “tiedbnddst8 ed: tg 
laren sedteonetd ban eedunin oth to aotinmb-s gatvades ylxoqang, S i 
ofdineimiag 9 to ythiidsemiq ett gatdreont senseront madnery: i, 
wolsewh noduedis ove? nasty seal 20 whol 1 Imes v9q OC YH ceneneMh, : 
ers aento shnol tatwetder vot beltises| od nas seneromt ma Mem ss 
8 Betebtencs ot yu euAtemte wd of Inkog # de iecuknl senseue: is 
ekviiiey end th sotutn: ant: soeren at ohatane wt st a 
sot eanetent duno teq Of 2 to Ythifdestings od? .ombs | 


hae 


>. + In conjunction with the use of stes] cuseet plates and bolts— 
ea ens eo SS allowable 

. in steel will be used: Be cis ea sa aul : 
_Mlowbie att stresses, ; | (pounds per square inah ) 


8, dhe ners ES | 
Axial tension on net section OOO 
Gai; ren ter in splice material 000 © 
Sheer for unfinished bolts 
aad ol with washers under mite 13,500 
Bearing, single or double meer, 
dae to for wafinished delte with | ;' 
zB washers under nutes 28,125 
eon & . 
“These stresses have been taken from departuent of the Army publi- 
quired croncepect 
qntee ent though somewhat greater than those found in Amoriean 
ie the 2)! 


Institute of Steel onstruction apecifientions are in keeping with 
the practice of reducing the weual safety margin in military con- 
Strustion. The basic sllowsble stresses in shear and bearing for 
wifinishéd belts as zivén in the aflitary references are 12,000 
potinds ‘and 25,000 pounds per square inch respectively, A further 
ivisren sd of ono-cichth has been injected with the stipulation thet 
AGE ee cally nat pets mh ener eas wr we 
plates, This fellowes from provisions found in 4.1.5.0, specifica- 
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Governing Design Leads ~ Pron the point of viow of designe 
es a wood neabor adequate to resist © design load of 
ag abe the required crons-onotional property of the member 
a Follittent” be the total decign lend divided by the aliowsblo wit 
dun.” Thies te true irrespective of whebher the strese function is 


@ bending stress, an axial stress or a shear stress, For exemple 
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te this relation may be expressed for thd oases mentioned as followss 
HAidh. 05, > AMR Oye, eM, tamaon) A= (for oa pel 


fin wath ‘the Fequired rone-seotional propertiss of the member are 
Sara sation whee and’ hs ‘the cross-sectional ares} the imposed 


ae a rreortver Loan 
Ship messes’; are x, béilaing moment, Py tensile lead and AL shears 
Tike ie fepresticad in ay reavconstie gayi a 
and unit working stresses are f, allowable stress in oxtrene ‘hber 
es. i 19 ofmeladed that 


to bending, “a etiowsble tensile stress, and H, aflowls hel 
A we greater thee % 
ua ge stress. “Now talcing the general case where X ig the ree 


le& Ge compare 2/% 


quired o ates fh property, 3 in, the total design load and u 


is the allowable unit, stroae, the, relation is expressed thus: 


Tien sath 4 x me . ae »> 
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Let Doz» 19 Dye and oy reprannt the oxi fooign | loads for dead 
load, live lesa, wind -_ inpeot rommotiivety. “Then according to 
the various peraiiveinie ‘Maveasen of 4 for the different types of 
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Ys Gates tent for 2/5(0,, + Hy, + Dy) Ke be eeemter Goon 
bi + a De} the P Thee Das G2 ths le W's ~ 
frie ¢ : : tae irs wa te 
and, the required X is the lergest of the three, fheep expressions — 
may be.reuritton 98%. 6. Lhe josie 6) et oer 

Hy FDO % wth. Paks Mo nymavadPae. 22 BD 
WG te tel Wee governed by the Large 


4 Z tant esteucture wil ey Foe + By ead eae 
is’ Pas” , expres one Doe 2 3 Dy, ¥ Ou ) and 


. & *) " 
2s, Fo. By * DZ). Now let us examine the relative magnitudes 


of those three composite loads, 
aut 
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26, Mamma: Dy, > 2/HPoy* MLL > Ov) 

eel Aeo | Dy > BD t 20 - 
This states that in order for Dy, to be creator iseeesobinisiat’ ty * Pv) 
«Sede negessary that Ry, be creater than twice the sum of 2) end Dy- 
Thie 49 dmpractiaal in any reasonable desicn even if 0, is neglected. 
Therefore it is coneluded thet in any regaonably economical design | 


gq will be greater then X) 4 


uo Next let us compare 2/3(Dp1, + MLL * oa) with 1s * Dy * Dy + D1) 
me 2/3(Dyy, + Dy, * Py) > VAC Do, + un * Dx * Pr? 
| Since x = 063 Dut, 
Then P04, * > Oh +) > Yom, +s, * By + 0.301) 
Pe ee ee i ee ee 

wari nied oy Aris ag a6 ny’ nigie ‘sin * 5.58 8 ; 

‘wenring ~ ie 6 i, + ays bev rere 
qnis states that for 2/305, * Dip + an be irodter than 1/2(D5) + 
ney +°ny'* “Dg) ‘the mat of Day, Dyy end O.1D, must be ereater than zero. 
This cbvicusly will always be trus acain even if 0, is neglected. Thero- 
fore % will be greater than Rgvend will be the greatest of the three, 
‘(6 “Whe gonclusion is thet ‘the design of wood members can be based on 
athypothetiesl design load of two thirds of the sum of dead load, live 
1604) ‘end wind load using the allowable unit stresses without modaifi- 
cdGSen ‘arid ‘the veeultant structure will ‘be adequate for the loads of 
ikea Wik soni td Andee 46 ths Medetied vemcievnn ? 
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AL peaking L Inthe Interest of etanderafmation 14 would be 
— The pre oa snares will therefore be effested with 
“)! dhe deck will consist of two layers of lumber; the bottom layer 
de the deck proper which provides ths structural reststanse to the 
‘Btreenes protuced by tho traPrie Yonds and the top layer is the 

| bili tng ‘codbid “note yriaaty ‘funation Le to provéde the dedk fron 
“demas whieh mivht be inflicted by the waing traffic. The weartng 
‘@Bliree is considered especially necessary in military bridces because 
‘Of th relatively High incidence of tracked vehicles amon the using 
‘traffic which frour umisually severe wear on desk surfaces. The 
Wearing course incidentally helps to distribute the wheel loads 
Youkitudinatly to the deck proper when favorably oriented but exact- 
ly to What oxtent the distribution is enhanced in a partiguler arrange- 
‘Wont fs ateetoutt to determine, Tf the planks of the Wearing course 
‘are ortented loncitudinally the load distribution wil) be improved 
‘PO the crontest extent. At tho same time ouch en arrancement ineurs 
‘a hazard should one of the planks become loosened under the action 
‘Of trarrie ant bend up above the floor surface, Tf the planks Bre 
‘Pliided dinconally across the roadway, the load distribution 1s de- 
Wiiaded ‘édaiiihint thie Protavtd dimadns 6 the Posting ‘réeutting ‘trom 
9 based - soseiaad ‘For this reason the letter 

or ane” depen cay eh ceabtiaient in several different ways. 
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Three commonly used types of silelumber construction are the plani 
er splined or some other well-deweled fabrication, 
_o» The tangue end greove or splinad deck has the advantage of dis- 
tributing the applied wheel lead longitudinally more effectively than 
the other S‘ypes, However the use ef gush a deok in militery bridges 
ie not considered practical for the follewing reasons. The splines 
or the tongues would not gtand up under the usual handling whieh 
 @gqura in getting lumber materiale from the will to the site of 
military cperations., In order to be effective the joining fit be- 
tween plarke muat be near perfect and euch practices se open storace 
in the combat zone might produse either ewelling or ahrinkege to 
suchen extent as to preclude this. such materials aleo require 
more eare in placing end therefore teke longer to put down. Jone. 
.. The laninated deck, which consists ef narrow plenke laid on — 
edge without interval, has the advantage of eoubining fair lend 
distribution with the required structural strength for heavy wheel 
leads. The wheel lead ie commonly aesuned te be distributed over 
& width of 15 inches in the direstion of travel when the laminated 
deok ie overlain with a flexible wearing course, Taking inte cone 
@ideration the stiffnese of a timber wearing course, inoreasing 
thie distribution by one third to a width of 20 inehes seems justi- 
fied. froma military point of view the laminated deck has the — 
disadvantages of requiring tco long to place aad presenting 9 eolid 
surfnce which does not permit sufficiont drainage of the deak. — 
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- The plank deok, whieh hae been used extensively in militery 
bridges in the past, appeere to offer the most suitable compromise 
fm the various considerations of strueturel strength, load distri- 
bution, drsinsre, speed in placement and ability te withstand rouch 
handling. The limiting feature of the plank desk fs the longi tudi- 
nal distribution of the wheel lend, The usual assumption ie that 
with « flexible wearine course tho entire wheel load is aiatributed 
longitutinally over the width of only one plank, Nowever it does 

| not appoer unreasonable to assume, in the ease of 5 auperimposed 
timber wearing course laid diacorally, that the full wheel load may 
be sonsidered as distributed over the width of two planks, A 
unique sdventace ie found in the ple deck with regard to drainace. 
Gince its load resisting aspseity does not éemand the direst sontect 
of adjacent plenka, the planke of the deck proper ee well ae thoes 
Of the wearing course can be leid with a seal! intervening spece 
to allow olmoat tmusdiete esonpe of rain water. Tho prevention of 
ponding on the Cloor eurfece is rather important beesnse esturstion 
of the wood decroaces ite strencth. 

Bias Up to this point 1t is concluded thet the flooring will con» 
ist of a timber wearin course laid dieronally and a desk proper 
of either a leminetod deak or @ plank deck, wetohever is most ade 
vantareous from the overall point of view. 

Resign of the deok entails the selection of s deck seation 
and determining the maximum effective aspen loncth over which that 
particular deck will safely euppert the design wheel teed, ube 
eecuently the stringers are errenced in such a manner an not to 
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violate the doteruined matin 6ffethive span ani the desk 19 then 
Duiaeqaaty feeAteGLIve efait Toni ot ‘the ‘andl Av tne 


- genter to caster pasting of tis wtringers less half the width of 


(ems stringer, ‘Tn computing the bending moment caused by the design 


nee * eee 6 ars Oe a oe 


Aa sntroduaed, The maximum applied moment is assumed to be 
of the maxtann nonent if the deck were acting a6 a 
J 
vial beam between supports. No lateral distribution of the wheel 


“ Yood to ndjasent dock spans fe taken into esoomt, In computing ~ 


the ueual practice of iomoring all loade within one plank's 
of the theoretical support is also epplied. 
PloweWEth regard to selection of a triel plank deck, the plank 
should be rather wide to provide a substantial anqunt of struc- 
tural atrongth « as oar a5 te sabia’ placing efficiency by pro- 
viding « large deok surface area per individuel piece handled. 
hei aep. gee * enumerate animale 
ceamal to perass 3 véasonable Stringer spacings, But above all 


the plaity seigeend mist be somonly availabe for procurement from 


the domestic aR industry in quantity. A 3" by 12" or 4" by 12" 
w & af 
ee Sipe, Neco eopeiaenente fairly well end each will bo used for 


@ trial deck. with the same considerations in mind, a trial 
7 a ® 
me ay oar consist of 2” by 4" strips on edge. 
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BOK eG TON 
Allowable Unit Stroas - f = 1600 pal H = 120 pai & © 1,600,000 poi 
Limiting Deflection « 1/200 of span 
Assume dead load to be nog tghhte. 


Design wheel Lead = 


2 ‘Lew Silevation 
UA sn bia 
a ab 
a ia ei 
el i pn ' 
“Wy + ppl 


a ye ag j 
Kesan™ fw) = ge 4 


¥ ¥ = at f “ 


£ 
“4 8 x 1600 
ae El 


| Applicable only when L<a@ 


Me BEST Mig (m9) 

“Moentan = 2 un) “3 * a5 (™ e a a - #) 
K.= af 

se (a2) = S x 1600 


b= g* 12000 2 


' Applicable only when L>a 


Vis = (ists) 
“Weeden $ (0) = 3 x “un Cged) oe “Ld ) 
ete 
PT ee nt St a A 


ai t d i 
Applicable only when lL <a + 24 


‘ygorean  abaa 


Vin =2 (L = 4-9 2 
‘aye le it ai mae 
v = 

, L= wea + 3) | 


Fhowsare T- 1208 ' 
Applicabie only when L>e + 24 


Applicable when L¢ aj when > a, result is conservative and 
unless deflection is critical will be e sufficient check. | 


DECK ORSIGH 


Try Plank Deck consisting of 3° « 12" deck proper and 2° x 12" 


Seotional Properties - 


b= 23 in 


‘- een |S, 
AS b4 23 x 2.625 = 60.4 in® 


3 = bee = 25 5 3.600" = 26.4 nal 
Ts pe wane eee = 1.7 in’ 


LION? aR IDor RRAYY ShInee 
Darah 2 £52 — 

M& 16000 lb a= 20 in w = 24000 1b a = 30 in 
—— w= £* BOER MO vt 
rec 's a= ® in Assume Lo = 30 in 
— ian 5 L= = 

“2° age « = (ea 

‘= 29.6 in = 26.2 in 

a ¢ 24 = 25,25 in Aoome Lo + 24 = 95.25 in 
Le aay Be n Ls oa + 3 ‘: 

‘2 x 2,625 + 2B x Gon = 2x 26625 + FO x Huh 


= 25.4 OOVERNSS = 23,4 in governs! 
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Soe yude * Sls as = SBOE xvas 
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y Phank Deok consisting of 4" x 12" dock proper and 2" x12” 
Sourse. 


Gectional Properties.- 
<n 


ee eae in? 


a rd 1 = 50,4 in® 
= ha = 2b x 625° = 91,5 in! 
‘LIGHT BATOIE HEAVY: BRIDGE 
‘Design Wheel Load - 
‘We 16000 lb a= 20 in W = 24000 lb a = 30 in 
Sea. = 600 ye, = 800 
sme y= Mage 60 wu E* Mage = bn 


WR... ‘a= 20 in Asoume L a * 90 in 
(Legs ABs b= $+ 12s 
Se tee Bo ABB «me 


= 478 in = 40,2 in 


Ag@ame Lon + Bd 27.25 tn Assume L a + 24 = 57.25 in 
L= 24 = a 


= 2 x 3.6254 $i x 85,4 


= $2.2 in covanns ! 
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DECK 060158 


Try Laminated Deck consisting of 2" «x 4° on edge wish 2" x 12” 
bol pega 


peot tonal Properties e 


= Seer 


b= © in 
A = bd = 20 = 3.625 = 72.5 in® 


B= Bah = 20x p62 = 4568 in® 
| BR pal 205 32000" = Te! int 


° brown arroor HEAVY BRIDGE 


Sevieh Wheel Lond = 


B= 16000 lb a= 2 in ¥ = 28000 1b a = 30 in 
my =e ae = 800 ppd | ¥ we b= See = 800 ppd 
tor meaies't (ween fm . Aseume | a = 30 in 


a bage Ss 2 . b= G+ Ae : 
SBR UR «4508 7 * D+ LOW « d5,8 


o> 42.6 tn oe BED ta 
scams & g¢ 2d = 27.25 tn Awmane L a + 24 = 37.25 in 
Ls as | betas FO ial 


iene oP: ) ” ) Pa 
“pomat: = ome 6a PMD Sf... 5 fae * 729 


veioh 994m GOvsama f 5 ee 9 M2999 tn covenns $ 


The P¥oeties ser , Deflection z 
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oo Be» Stringers <-With the maxinum effective. soan length of the 
‘trial decks determined the stringers can now be designed with this 
Limitation in view. it is apparent from an inspestian of the al~ 
ternate design loade that the tank rather than the wheeled vehicle 
will impose the sore severe condition in the strincers for the usual 
panel lengths, In doteraining the meximum applied bending moments 
no longitudinal distribution to odjesent panels will be eonsidered 
but lateral distribution of the track load to adjacent stringers 
WALL be approximated in accordance with the factors speeified in. 
Che AsAsDlieOs epeoitiontions, ‘The fraction of the lead ured to 
@aloulete the bending moment tok where 1 is the stringer specing 
im. fect and.0 is « eonstent depending on the number of traffic 
lanes end the type of deck, For «© single-lane bridge 0 is 4.00 
for. plank deck and 4,50 for a 4winch lemineted deaks for a double- 
lene bridge 3 ie 3075 for a plank deck and 4,00 for  4einch lami- 
nated deck. These fractions are considered appropriate even though 
they are specifically applicable to concentrated wheel loads where- 
as 2 uniformly distributed track load is being deslt with in the 
ease at hand, The fractions contained in the A.A.5,//.0. specifies- 
tions were in all probability derived empirically for « single 
eoneentrated whee] load at mid span, for that is the position in 
whieh the load would be placed to compute the maximum bending moment. 
the concentrated load deflects and the deck also deflects, the 
stringer is relieved of « portion of the load through the ection — 
Of the deck in resisting the deflections In other words apertion 
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Of the concentrated load is laterally distributed te adjacent string= 
ere by virtue of the stiffness of the deck, Now se the consentreted 
load is =oved away from the center of the span tewird the end of the 
stringer, tho deflestion deerosses and thorefore the ebility of the 
deck to distribute the lond interally is net fully used. For ox- 
ample at the quarter point the relief due te lateral distritution 
te approxiantely eighty por cent of thet at the mid point. Se, for 
@ uniformly distributed loed it is slichtly iInsecurate to reduce the 
| intensity of load throughout ite entire lencth on the basis of the 
fedustion applicable only st wid open, Sut it ie felt thet this is 
edequately compensated for by the fact thet no anelyticel considera 
tion fe texen of the stiffness ef the wearing course which in effeet 
improves the lateral distribution at all points of the strinzer spen. 
In computing horizontel shear in the strincera the seme derres of 
Lateral distribution will be considered effectives however no leed 
within one strincer's deoth of the theoretical suprert will be 
@ecoclated with shear at the neutrol axia. 

*<* From the foregoing diesuseion rerarding lateral distribution 
1% 49 seen thet the size of the stringer required to support a par- 
betes todh ets wasp wae ew eeringer epeattg, The stringer 
epecing may be veried at will between a preaticnl minimum and the 
maximum effective deak span, With standardization in wind it would 
be desirable to have the strincers for the various bridce structures 
all the some size, This may poesibly be aseompliched b y using near 
weximm stringer spacing for the licht bridge and the same stringer 
at © closer spreing for the heavy bridge. Such will be attempted 
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ee in the eubsequent desieni 3 te ies abe a 

, . thy: “Aloo with regard te strincer spacing it ie probable thet the 

-— ptpingers im-ono panel will have to bo offset laterally: from | 
strinters of adjacent panels, . ‘his is neseseary because the face | 
Of Whe eapporting menbery:either:e:fleor) beaniora bent-cepj.will 
imal) probability not be wide enough to provide sufficient pearing 
area for strincers placed end to end. Gn the other hand the curb 

“Pleekisnet either side of the oleer roadway, whieh must be celinear 

i. forthe entire length of the structure, will no doubt be bolted 

through tothe ovteide strinzers. Gonsequently the outeide string- 

ere mist be dn line’ end to end despite the limited bearing ares. 
This! situation is not considered serious because the outside stringers 
ere not subject te the loads that the interior stringers muet with- 
stand due to the fact thet traffie loads cannot be superimposed di- 
Teetly Over thea and yet for the eske of uniformity they will be the 
seme size. It is therefore eongluded that the stringer spacing, L, 
ini @ pertioular panel. will be constant from left to right with the 
exseption of the right end space which will be i less ene stringer's 
‘treadth. Then in adjacent panele the interier stringers will be 
whifted loft one stringer's breadth resulting in a constant spacing 
from right to left. except for the left end space which will again be 
teed ap triage Wendt: ey wien a Beuynes: 
RENT RY seetion the consideration of 
lateral buckling of the compression face must be taken into account. 
In Shaner design this is effected not by varying the allowable com- 
pression stress according to the span and sectional properties of 
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tho beam but by stipulating the Limiting depth to breadth ratio of 
the bean for verious degrees of mtorel support ascorded the com 
b face. If the ratio of depth to breath ts 2 or loss to 2, 


eas eT 


MO Satoral support fe vequired. If the ratio is between 2 and 3 to 
1, the ends of tise bene mast be positively héid in'plece. For 
greater reuten or depth te breadth sere elaborate lateral support 
ie prescribed. In order to avoid lateral: ‘guppors of stringers al<- 
cegether! aud dthedddat’ teeluston in the floor design of devices 
necessary to provide such support, stringers with a depth to breadth 
| ratio r no greater than 2 to 1 will be used if practicable. 

The panel length ie asmmed to be fifteen feet. Thia will 
permit the procurenent ant use without gutting of aixtecn=fect 
stringers wish is a conaarotetiy ovat ievte Length. Sreater panel 
lengths will entedl poeperthonstely- lerger end lon-er atrincers 
Oat AG: fo Tenred What Ueringer vine Cishere: oF over uixteen feet 


in h any be ditfioult %o obtain: in , pamtite. From a logistie 


® 


eal on of view 18 would be difrioult 4° not impossible to deo 
termine the most economicel panel length beeauce of the many 
varie bles involved. For these reasons fifteen feet hee been se= 
leated as the Upper Limit of practi¢al panel length for the pre= 
fasion. Furthersore this ssleetion will pornit use of lessor 
panel ieee Sanenats a ee eco 
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Allowable Unit Stress = f= 1600 pst = 120 pai 8 = 1,600,000 pel 
Assume 15-foot panels. 


Devin Load 
len levetion 

(per trac) 

; oy = Prt 
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Let L & center to center specing of stringers in inches 
Let 0 = constant for determining leteral distribution fraction 


me Sr On) > 6 «4 =i, = Om Ole 


Wp {for stringer) O02 WL (eatimeted came as for deck) 


Wpy, (totel) = 0.2781 
Rn, = ae © Qe278) LOOP = 11271 | 
My = “in x thse 3G-p = 
Moonen = § (Mou » Mut) = (Tot + wi 3éoca)| 1 
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STRIMGER DESION 
Por Licht aridge, single lane, elank deck < 
¥ = 74000 1b a= 147 in a= 4,00 
s=| osk7 + L = 9,08, 


Rad A= 0072 aye b= 5,ha1 
For Licht Bridge, double lene, plank deck - 
“Ws 700 lb | eli in’) =O = 3.75 


| ned 9 =[ ont + een L = 9.591 
nad 4 = [0.28 + sri] = Suh 


Por sake ef standardization let pan chee larger requiresents of double 
ipeeanea theSe sees Single Lane - 150 in and 1 264 in 
3 roa ' o Double Lane « 

_ Kecume curd blocks te te 8 inches wide. 


= = Required Required Trial 
Stringer Section Area Stringer Pessible Spacing 
oie Single Lane Rouble Lene 


Modulus 
eat n3503) 59.50, 3.64, bed n at leniel<ei58 natieniel<e272 
10 019 «= 149.2% 10x18 Sat4i=) SathiarhGe 312277 
ie 145.60 10x18 je abeseane  Gathom2hOe 308270 
W196 10x16 SabIELITe ANG Gotsquaste agnass 


287.70 109020 Gxl6 Sabj1gOr2%172 GSatsOedhor29=262 
2781 «86105656 x16 Set29e2 AS21166 9 9nt292616 21282 
268.52 102.92 8216 Set%Ge1ho+ 20160 9nt28—2520 200272 
258.93 ‘ 98. Sxl Sat2feLsriseish 9atzp2hy1ge262 


0x6 (3=380.40 and A = 147.25 
8x16 FOO, 71 and A& 116.25 
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BPRINIEA URSIGN 
Sip taht bnee detain hens etn ease 
wWE100co ib «a= 152 in 3g = 4,00 


Rad 0 =| owt + phgseen)| i, = 12,871 
Rad A= 0.21 + saber L = 4,981 

for Heavy Gridgé, double lane, plank dock « 
Welle ib a=is2in 8 9= 3.75 


Rea a =| oly « Sager L = 15,701 
‘goths hpendb war] b= 5.50 | 


+ ted of stenderdigation let sttgnety larger requirements of double 
gevern for both structure 


Be 
ndatiea Gide vorteases Single Lane « haghadizas Rouble Lene = 264 in 
Aeoume curb bloske to be 6 inches wide, 


eutnik: vurtnger Bano ~ Area rte Sem speci 
_, A(1H5262) B23. 7OL 5.90 bx a nat aetgner ec natiznis ates 
hah 70 164,50 1028 bat 10921 
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~~ hh = 484.90 and As 166.25) 
8 = 380,40 end A= 147.25) 
"pai (3 = 300,31 ond A = 116.25) 
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SPRINGER DESIGN 
Por Light Gridge, single lane, leminated deck - 
Ww = 7hO00 Ib a = 147 in a= 4,50 


| neds =! onk7 + Shree | L = 6.07 


ng@ a =| 0.22 + 3Teer"| L = 3.07% 
Por Licht Bridge, double lane, laminated deck « 
“= 74000 ib. a = 147 in .. 2 = 4,00 
nad 9=| O67 1 tofeses>| L. = 902k 


Rad. A =| 0,22.+ 77 | L = 5ah2h 


Fer sake of standardization let res rend lerger requirements of double 


Stringer Poovible pacing — 
Spacing Greadth Medulus Size Single Lane Gouble Lane 
op AL B7-9) BH7.02L MeF.4A bad nati=nisinlelss nati=ni¢lb=272 
~~ | 366 122,86 Bxls Aad . 
“3 8 BRE lopeth on spaisavag 7 Gavyy-2éhe 

2 2 270,60 102,60 | 
& a re 92034 
sad si Bxi6 (5 = = $4055 lll rk s ay 
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} STRINGER veaion 
Fer lleavy Pridce, single lane, lasineted dock - 
» @ 110000 1b a= 152 in 2 4,50 


fat os [ote HB | = 12.00 
Agi Ae jeuza + | Le Shs 


Por Hoavy Bridge, doubie lene, ‘Laminated deck = 
“¥ = 110009 2b a = 152 in o = 4,00 


Rad monies. + Ae & = 12,37L 


Mat reo. + sre | Le 4.981 


ouke of stendardization let slightly larger requirements of double 
Snip covern for both structures. 

lear resdways: Single Lane « 150 in and Double Lane « 264 in 
@urb blecke te be 5 inches wide. 


Teiel Winime Required Required Triel 
pec Stringer decoction Area Stringer Peasible Spacing 
‘Breadth Hodulue ial Size Single Lene ~~ Double Lene 


DL  2(L-29.0) 12,871 seh.98L b xd antianlicle-w=lg’ natiemnl> Lets 


3 - 296001 11454. 8x16 Set25=16415=199 Met29=32201985397 
22 ~ 285.14 109.56 Oxl6 Get22=176014—190 15at222530) 4544 
Gucticn a BO.27 1h, Bxld 9at21=—10901% 202 1éat2=33601 e449 
20 40 = 99060 9x86 §=Gat20=160+12-192 eee mab 
19 ~ 53 94.62 Gxl6 lOatlo=290rlI=3201 176%) Pe ers Am a 

6 - 231.66 89.64  GSxlG 1Oatl&<180v10=190 1st? race 
GP. ola 216.79 «GAGS GAA Liat PALS 9E196 IMAI 7=32% 9=552 
SBR (3 = 300,51 and A= 1 
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| SeeFing further with the deste “eviewin: the trial decke treated 
CaF ier, 10°10 a: parent Wat the St By 12" plank deok remilts ine 
‘Raxiean effective deck sean which fe somewhat low. This would ene 
‘tatl the uso of @ larce numbor of atringere alosely spaced which 4n 
“thirn Would unnecoseartly Inerense gonstruction times The 2" by BY 
‘Yertinated Joo% offers som fnvrevemant in thie reepect im that #4 


: | prepter atstance between stringers, However, it hes the inherent 


dieadventaces, as previously pointed cut, of reqiirin- tedious 
Placement and exhibiting voor drainace charasteristics, Theae two 
d@iasdventezes do not appear to be outweiched when sempering the 2" 
‘by 4” lasinetet deck with the 4° by 12" plank deck, the 4" by 12% 
plarik deck permite even a wider letitude in the selection of 
stringer ssacings, which is particularly impertant if the sane 
strincer sostion is to be used in both the light and heavy bridge. 
It also elintnates the pesaible difficulties mentioned during sone 
etruction ond services, 

An examination of the tabulated data rerteining to stringer 
desicn indicates that the leninated deck, beomise of its -reater 
ability to laterally diotritute the load, requires « slichtly 
‘gmaller stringer section than would the plank deck for the seme 
Stringer spacing. fNowever the difforence is not of «rest impor= 
‘tance in the Licht of the fact thet stringers mst be selected 
from a croup of commerciedly avaliable sizes and will set just 
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satisfy the demands of the analyticel requirements, > 
-- Pradicated on the desire thet the stringer epacing be in even 
inches for sizplicity in construction and thet the required clear 
widthe of roadway be adhered to as slessly a0 possible, the use of 
8* « 16* etrincera at 28-inch spacing for the licht bridge and 22-inch 
Grading for the heavy bridge provides a workable solution. though 
selected for use in conjunetion with 4° 2 12" plank desk the above 
arrancenent will take a 2° x 47 leminated deck nicely with only a 
@light aarcin of ovoredesign if cirousstanses in the field ahould. 


Peis Ch ext tedkos a9 ;3 ke 2 sy nt esp Se. 45 ey 


Se “rete docion tatty Per the Live tewad, ee a) 

wehi i Sees man & Pest oe Sana “yy Ths mae: Rhee are gees eored 

hun onretions yranky od? wiaparh of the lonienetiadt, Th he sit p gaee 
Tee fer tee Sieore wen comme reemmlatte te fe dou rope F vey 
Oe fee the vomsahiy ines Yoeds, 14 wlli oe wetwowtivad te orovidae 
op Wligwe wee: es whihetaone tree reo Sivnw wid nets. Neath whee 
SPEUs, 44 fa deeded toedvinablen Qeom & prectien? oetat of «tev 
Meee’, Vw © GPU Tobe Oe em mae Dee AYES of gunrterartion SF 
Peeer tens, Per tne riders Tee devin ef Seore tridgee «24h & 
Bete to thee GF Whee ta-faow width wetek, fer witisery epi! 


Be Wet vt wil Ganteortate, Groen in Cha aioe oF g tee hone 


aay Sek aN RS 


 -@ “Mleersbeama = In resognition of the many variables which 
affect the desicn of a trontle bent, it is questionable whether a oingle 
stenderdized dosien could be devised to meat the requirements of any 
site which nicht be eneountered. The wide range of bent heighthe 
whieh must be anticipated indiestes thet a variety of large timbers 
gust be provided and used eecording te the deaands of the altuation 
at hand, And thet ie the ourrent preatice, Admitiedly a thorough 
ainvestication sould sreduce some improvement but whether, from a 
legistice’ point of view, it would result in a eubetantial simpli- 
Pinetion of the situation ie problensticnl., Rence an extensive tresat- 
ment of trestle bent desion will be disponned with here and the matter 
6f floor-beam desicn for truss strueturen will be underteken, 

| fhe floorsheens will be destrned in the usual mamer as beame 
Gimply supported ot either end, They are te suprort the aporopriete 
fleor systen, as tentatively selected in the previous section, with 
the »reper desion tant for the live load, The truso center Lines 
Will be teken as 2 fest outside of the curb blocks end considered 

the theoretical points of suppert of the floorebeans, It ie epparent 
that for the floor-beem spens requisite to the double-lane rosdways 
and for the unusually large loads, it vill be imprestical to provide 
& single bean to withetend the resulting stresses. Though ebructurelly 
possible, it io deemed inadvisable from a prectical point of view to 
Poeort to @ trussed beam or more ocmplex type of sonstruction for the 
fléer boom, Por this reason tho desion of truss bridges will be 
limited to those of sinrle-lane width which, for ailitery application, 
ie not at 21] inexpreprinte, Tren in the onse of the floersheans for 
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the single-lane uridges, a single beam will, in all probability, 


“be unreasonably large in sections. The ultimate solution my |. 
Likely involve the une ef wore than one beam at onch panei point. 


gue The dead load whieh the beem or beans must resist will be 


taken as the dead weight of the floor system in one panel length 
plus the estimated weight of the floorebeam all applied es s uni- 
formly distributed load between points of support. Te arrive at 

an estimeted panel length for computing the dead load, it is 
necessary to look forward « bit te the configuration of the trusess 
theaselves. tet us aseume thet the truss will be a parallel-cherd 
Pratt with the height equal to the panel length, further let us 
eeeume that 911 truce seabers wil be fabricated from sixteon-foot 
lengths of timber, The longest — meniber will be the diagenels, 
If the lencth of the diagonal ie sixteen feet then the corresponding 
panel lencth will be approximately thirteen feet. Therefore e panel 
length of thirteen foet will be eseumed for use in the floor-beam 
design. Since the uncut stringers are sixteen feet long they will 
be used as such and « side lep of one and e half fect at each panel 
point will esocur. 

Maximum moment, in the floorebeam will be computed with the 
senter of gravity of the design tenk direetly over and at the 
center of the bean epan, Maximuwa shear will be determined by plee- 
ing the tank to one side ao that the center of the near track is 
either three beam's depth from the voint of support or at the 
quarter point whichever is nearest the beam ond. If both of these 
points lic outside the clear roadway, the tenk will be placed with 
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the treck omiz ecainst the curb block, In computing maximum shear 
that portion of the dead lead within one beas's depth of the thee- 
retical support pointe will be ignored, which is in secordance with 


A, 9. cha 


usual timber design procedure. 


5 
tRORe 
on 2 
» £ 
a a) 


en Viewn 
Ae R 
a ont 
Pilea 
we 
Don . 
s 
/ 
wo 
\ 
see sh Ws é fae Rt 
“eS. ee bebe a 
re ee 
oy Oe Oe o rh , 
FL y 
mn) 
* 


i i) 
a a 
HA nian 

} 


yy 


3 


PLOOR-BRAM DSSTIN 

Por Light Truss Qridpe, sinele lane « 
Allowable (nit stress + f= 1600 pei B= 190 pet 3: = 1,600,000 pet 
Asmuae two beans of equal section at osch panel po 
Assume 14-foot pansla: ‘enue wind etresses to oe rey 
Design Load = two conaentrated loads of I ste Ib onch a OR inches spart 
Seam Span = 2716 in 
Dead weight of one panel = 

Deck ~ 3 xigs Home 


_ Stringers... 6 “5 = 38 «16 x hom hg90 Ib 
\ Plosrobenn 2 42 0 38 _ x Won 2160 1 


Bquivalent Uniform Load « 
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ki ir Mon + M1) "3 (280,000 + 2,442,000) = 1,815,000 dnelb 
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PLOOR@BEAM DESIGN 
Por Light Truss Bridge, single lene « (continued) 
sheer’ 37000 ib P0080 I 
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Yo, = BAO = 4320 Lb 
Vip = Pog ee = 40 lb 


v = 2 (Vor + Yun) = 2 (4520 + 41110) = 20300 Lb 
Ae Sigg <2 

Required 6 and A per beam - 

Red S = Ue = 567.25. ino 

Rqd A= ALE = 189.29 tn? 


Pry twe 12" ‘18 2 586.98) 
yg : t= 201.25 
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PLOGR@AEAM ESIGN 

Yor Neavy ?rues sridge, single lane « 
Allowable Unit gtress « f = 1600 psi H = 120 pei Rm 1Aon oon pet 
Assume three boame of equal sestion at eaoh vane] point 
Aseune 15-foot permela. Aemme vind strosues to be negligible. 
Design Load - two momenta’ dents OF 79008 Bb each 130 inches apart 
Beam Span - 246 in 
Sead weight'ef ene- sane? 

Desk 35 2 AB of x 40 = a0 


Gtringers 11 exis «16x 40 = 6250 I» 
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| 2 = 499,000 ined 
ayy = 9800 6 = 970,090 say Ba Teh 
"Masala Zc + Mit) * 2 C499,000 + 5,710,000) = 9,786,000 inet 
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PLOORePEAM DESIGN 
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AMET ARABS rw 
Required 5 end A per bean - 
nad 3 = Os ~ ste tn 
Stress 2n « ; 

a Rtas, 2Bn = 199458 an® 


SO Sey tires 12" x 18" (i= nt . 
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V. O889GH OF “ADSeRS' 

Sky General < A brief review of the progress thus far and a 
Pealicnsent onto the overall objeotives of this thesis may be in 
order before prosmadin: further. Up to this point floer systems 
Consisting of wearing gourse, deck proper and euppertine atringore, 
have been suteblished which will aarry the two alasses of optimun 
traffic considered nesescary for the sonduct of prosent<day milie 
tary Operations, These Ploor systess ac euch may he used fn son~ 

— fanetion with any tye brifge structure, Aeoording to past 
prastice ani experience, the floor systeme would he intended pri- 
marily for use as « soaponent part of a trastle bridre, Jonas tuent- 
ly to meet operational neede, it would be necossery to provide a 
quantity of the tinder weabers which co to make up the floor systens 
ebrett’ese variety of heavy poste ond tickers fron which to fabri- 
@ate trostic bents. A further objective herein te to ante the seme 
Sises of wood haterlals ao provided more verantile in effecting 
streem-crossings by devising 9 scheme whereby truas brifees ae well 
as trestle bridges on be sonstructed from the aame escorteant of 
timber sizes with Little Af eny supplementery seterieal recutired. 
> ‘Kaguaing thet eso the large membore intended for bent fabri- 
cation, there are provided 12° x 18" timbers of substantin! leneth, 
it has been establiahed that then would suffice hendily for floor- 
eoneist of 2" by 127s, 4" by 12's, and 8% x 16's, The inmediate 
problea then is to determine how thes® eigen ont be amployed te— 
construct trusses which will be capable ef carrying the twe deaign tania, 
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Prodisated on the aseuaptien that the trues menbere will be 
made up irom pieces whose length is sixteen feet or leew, it 
fellows that the trusses will be teo shallow to permit the in- 
@luvion cf overhead bregings In other words, the use of a pony- 
type truss ic aendatary. With a view toward simplicity am fer 
Pieating trusses of various lengthe, it would be desirable that 
all panels have the same seemetrie pattern. hie indicates the 
ehoiee of a parallel<-chord trues over e brokeneshord truss. | 
_ in timber truss design, soapression mewbers must be decimed 
es Golums, Consequently the lencth ef meaber has o etrong ine 
fluence on the allewsble unit etrees, On the other hand the 
allewable wit atross apolicable te a tension xeaber is indepen- 
dent. of ite length. Therefere in the cace of the web mewbers, 
where there in eom choice of arrangesent, it would be more ade 
vantageous to have the short menbera ia compression. The Pratt 
truss provides this desirable feature. the short vertical ved. 
members are priaerily in compression end the lenger diagonals are 
im tension. Yor the smat reason, the end penele must be full 
panele instead of the often used modification wherein he top 
ghord toruinates at the lower end panel pointe. furthermore the 
tmanaber of penele should be even in any given truss if cowiters In 
the aid panel ere to be svoided. As pravicusly wentioued, the 
limitation on the lencth of any individual truss menber fixes the 
panel length et approxizetely thirteea feet. Therefore the varie 
ation in epen lengths will be in inerenentea of two panel lengths 
or trenty-six feet. 
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To em up, the conélusion thus for is thet the trues which 
gives the soet prowlee of success ia 2 perallel-cherd Prett truss 
with ea penel length of thirteen fect and 2 heirht the sane, VYerious 
longthe of trusses for the two loadecarrying onpacitios vill be 
investicated comnenniing with « fourepanel truss and inereasing in 
See twe:peneiel ata: time: tothe greatest practioal epan, © 

8. strose tn Houbers ~ Preliainery te attempting the design 
ef any truss denbérn, it aigh® ve well to deternine in general what 
the magnitude and range:of design streeses are in the various truss 
menhers. For thie purpose, primary. strenees in trusses srerntns 
from 52 to T ‘fect for both lead eleeses will be computed. Dead 
lead stresses will be determined by applying the dead weizht of 
oneshalt a floor panel and the ostinated weight ef one truea panel 
as # concentrated load at each lower chord panel point. Live load 
chbecees wit be ealovlated under the assumption that cnly one design 
tank is on the bridge at one thoes Te will be positioned Leterally 
with ite track flush te the curb blosk te produce axis floor bean 
sladtden ent | longitudinally along the truss so that the etrees in 
the senber under coneiierstion ic e aextmm, In those meabero mbe 
ject to rites. pt stressea, the counter atresces will elsa be 
Giiedatnes. centrery ve an eartior statanent, wind wtreeses will 
net be weuputed besaties it fe believed thet they aro of comparative- 
ly minor Consequence, Impact stresaes will be token as thirty ner 
sent of the maxima live load stresses irreapeetive of the length 
Span loaded to p 
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TRUSS LOADS 
Vor Light Truss Bridge, single lene -— 
ene hand Panel Pennentretion - 
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MEMBER FTRESSES 
Por Light Truss Bridge, single lene, 32=foot span - 
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for Heavy Truss Bridge, single lane, 52-foot apean - 


" Bead Lond Streases - 
“15.5  <2%0 


MEMBER sTnesses 
For Licht ght Truss aridge, single lane, 78-foot span < 


a 


9 ’ LP a ca Re 1 = 
eee a ee ee OO ae ee 


7 


. MEMBER STRESSES 
for heavy Truss aridge, single lane, 78<feot span - 


Deed Lead Streases - 


0 +2725 +4h.0 
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MEMBKA STR<S5e3 
Por Heavy Truss Sridge, single lene, 104-foot span - 


MEMBER STRESSES 
for Light Truss Bridge, single lano, 1%-foot span - 
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MEMBER STRESSES 
for Heavy Truss Bridge, single lene, 150-foot span - 
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9, Desten of Membere - The obvious first thoucht is to apply 

the teahntieuss of modern timber true design using mlit ring timber 
Génneotore to transfer stresses at both joints end eplices, A 
sharecteriatic feature of auch a denien is to make the ahords out 

of continuous one=ricce members as long as practically pesaible in- 
sorting splices between panel points where necessary to gain the 
Pequired total lentth, for the maynitudes of the otresses involved, 
40 46 not aifPiowlt to envision jeinte with en extresely leree oum- 
ber 6f erlit rings, and frequent aplices in the chords aleo with a 
multitude ef connectors, Such a desion would entail numerous filler 
bleske and onlice blocks and sould alao require exseting and tedious 
preparation of the individusl members for erection, Furthermore 
WIth the use of split rings, it fe heeesenry to position all members 
Réetine at » joint simultanecualy before belting up. This praeticale 
Vy Heeercitetes prenesembly of the entire truer on tho benk end — 
thence ewis-ine 1b as a commlcte mit into crosr-etrean position, ehich 
Gn 4teelf nicht pose @ major problem, And Pinelly, becaube of the 
 Paterpenclepsint aplicoe, wach an arranrencnt does not lend itself 
2 MLineetion of @ welledePined beetc trume unit eny mwber of whieh 
Gould be sut Losather te orevide tresses of varying spans. These are 
the areumente which point up the need of devistug a more edvantagoous 
the Jointe. | mainte: fateck, § winvle weet swishion eseornt » 
“" & poseible solution which affords considerable imprevexent is the 
Use Of otecl cusset plates At the Joints, Sines, ae previously pre= 
\etmed, the individuel truss serbere will be made up of timber pleves 
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no longer than sixteen feet, tho steel plates permit the terminae 
tion of each wood member eat a joint and thereby eliminate the 
need of splices in addition to joint senncetiéna, Also sash penel 
with ite w6od meubkere end gusset plates becomes a unit te which 
ean be added sinilar unite in tandem to orovide adaptability to 
@ifferent apan lengths. In conjunction with the use of steel 

| gussets, it 16 necessary to employ shear plates ao the asans of 
transferring stress from wood to steel, This device iteelf offers 
 @ farther advantage in that when it is instelled it is flush with 
the face of the wood sesber and does not protrude Like the eplit 
ving. Thus a joint asy be certially belted uw and the remaining 
members can be slioved into place between the pusset pletes at « - 
later time in the erection without any diffieulty. 4 4isedventare 
im usine steel at the joints le thet it does not have the ability 
to sueceesfully wit*stand hich stresses of short duration so does 
wood, Consequently though an incresee of 100 per sent in allowable 
stress is cermitted for impact loade in wood, the allewsble streas 
ia steel is unshanced whether desling with impact losis or those 
of long-ters duration, It reasine to be aeen whether thie eituetfon 
will cause any major trouble in obtaining « suitable design. 

In order to mect the requiranente of varying stress aapaoity 
in the different trues menbere and at the sane time reslize stenderdi- 
#ation to the maximum extent, ® single wool seation sevorel of which | 
sould be febricated side to side to afford different load sepasitics 
would offer the 14eal eelution, With thie consideration in mind, 
preliminary wember designs were atteapted employing several basic 
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timber sections. At the outset it wae iiseovered thet the soanse- 


— thons required = comparatively large number of shear plates. In 


the interest of osinteining 4 reesonably anall cusset plete ares, 
two rows of connectors instead of a single rew at the ende ef the 
manbers was indicated, This automatically limited the basic member 
te @ minimus width of 12 inehes (nominel) to accommodate ‘einsh gf oer 
Plates, Since sembers of crestor width are more 4iffioult to obtein 
in quantity, various thicknesses of l2eineh plenks were iret in- | 


 weaticeted.. Preliminery anslyeie resulted in the following conalu-~ 
3 sions, The 2" by 12°. 4o struetureally too seall., The 3" by 12"., 


because of ite high i/4 retio for the lengths involved, results in 
the eonpression aenbere. being tesivned ae long columns with aonsee 
quent meayer allowable stresses. The 4” by 12" produces an inter~ 
mediete column condition for the tep sherd end verticals and at the 


Same time bes a load oapacity small enouzh to meke aultiples of the 


basic member siasteble to & wide renge of truce etresse requirenente 
without unreasonable evertesign in any particuler situation. Further- 
more, beonuse of the frot that the 4° by 12° is structurally feasible 
oni also is the same section from which the desk is constructed, it 
fia an exceptionally favorable choice from the logistics) consideration. 
The preliminary computetions «lso resulted in two additional 
sonslusions which sre incorporated in the eubsequent member desirn. 
The 4einch shear plates as patented by the Timber Engineering Jompany, 
Washington, ©. 3., have central hubs to take either three-fourths 
Or Seven-eichthe inch bolts. lowever the increase of fifty per sent 
in the chart value of the shear plate when designing for seximm 


loads of less then five ainutes duration causes shenr in even the 
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: ‘gevenesighthe inch bolt te be oriticnl. In order to fully realize 
(the higher loed easacity cf the shear plate it is necessary te in- 
crease te hye ite to one ingh. Thies in turn provides more 
bearing aren bas wean bolte and come olates and consegientiy per- 
nite the use ae adie pletes than would otherwise be voquised, 
Aigo teas found during, the Prolininary laveotiontion thet, & ree 
dustion of the parallel to grain spsoing of shear slates to the 
| iiiies © taakeo'd is advantageous in reducing the area of the gusset 
“ etategs' ‘The sontenstion of the spacing te the Sainsh minimum te 
Seaabtret-ot the'enpebes of reducing the ond value of the shear 
usies: aeetemiyetinage? ¢ aative eonconrd full value. Since the 
shear pistes. oqcur in two rows and on ‘both faces and ere therefore 
used in even ‘MMEOEp tee" of four, the contracted spacing in some 
gig parr eepive any increase in the number of shear plates. 
Sumphesmeve ‘the Singh spacing adae ahother feature of uniformity 


in the overall Saeiee and thus simplifies the boring of belt holes. 
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Mood - : 

- Tension Jetaiel to grein {t) — 1600 pei 
Gempreseion perallel te crein (¢) 1150 pei 

_, Modulus of olastioity (=) | 1600000 pai 

‘Gteel - 

te Shear for unfiniehed bolts 15900 pai 
_ Bearing for unfinished bolte 28125 pai 
Axiel tension on net, section 27000 pai 


_ Gompreasion in guseat plates 


Asoume all mombers 4" x 12* (a= 41.69 aq in). 
Use 1/2" cuaset plates th | 
Use.4" shear plates with 1" bolt at 5° spsoing throughout. 


Load chert velue of one ho ehear ‘pled. (wood-to-atee!) 
\ for angle of load to grain O degrees i 
6.36 4 : 


Inereneed caprcity of one sheen. pate ahem, fonhepine for 
dead Lead plus live load 


6.56 *« 1.50 = 9.84 & 


Redused ay sere of one shear plate = 5" sproing parallel 


. BBA x 0m = 7638 k 


ie oc ane 3° volt in Angie shear at, the two ‘feces of 
_ Adjecent gusset plates 
twits Bn Och 2 15.5 1.20 


toe a: 


Value of one 1° bolt in Searing on half the wlth of two 
atjacent cusect plates 
Qe Rada te 28.1% = 18,06 © 
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MEMBER Of IGN 
Top Ghord -— 


naome l= mova HST = vals 


Kg 1.5511 { = 145811 x 50,45 = 48,2 
Ky= 1.7320 % = 1.7320 x 30.45 = 5208 


a i 


Ausipas apased’ colin with end sendition “b"s; therefore design 
_ 98 dnatermediate colum. . 
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Try two rews of 4 shear Pletes each in both faces waking « 
total of 12 shear plates and 4 belte, 


' Japacity dus to compre ation peresilel to grein in wood: 
41 .60°% 1472 614 ke (oe i) 
Be Ompact load value of shear pletes: _.. 
12 37.38 = bee (OL + LL) Sp 
G. Cepacity due to belte 4m shear: 
mow Geek's 1.2 G's Le + a0) 
ok teats in bearing 
x 14,062 84.4 & (ok ate, IP) 
Eg. tet due to compression in 10" effective gusset widths 
(10 - 22) xd a 24,0 = 94.5 & (DL + LL + IMP) 


Since limitis war a ef BA le (8 + LES IMP) exceeds 
Limiting, cepe bey of i8 i the + LL) os more than 30%, the 
latter coverna. A wialmas ig mgt oe used 
to satisty the requirenent | i a oe wet @ 
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MEMBER DESIGN 
Bottom Chord - 


Try 2 rows of 4 shear platea each in both feces waking 
a totel of 16 shear pletes sad § bolts. 


Ae Capacity due te allowable strese in wood at intermediate 
eeotion: — 
AAD 166 «1,0 = 100.0 & (OL + LL) 
B. Gepacity due to allowablé strees in wood at net sections 
(41.69 = 2 7.94) «8 = 64,4 & (01 + LL) 


9, Gapaeity due to load value of shear plates: 

” 16 x 7.38 = 118.1 & (ol + LL) 
D, Capacity due to bolts in shears 

ane 8 #21420 = 169.6 k (ob + LL + IMP) 
%, Gapasity duc te bolts in bearings, 

& x 14.06 = 112.5 & (DL + LL > Tr) 
PF, Gaprelity due to tension in 10" efreetive eusset width: 
Qos 2nd sy 2 27.0 = 106.3 & (DL + LL + TMP) 

Mimiting capacity of 105.3 * (Ob + iL + Tar) 


exceeds 
1 capacity of 84,4 & (0L + LL) by only slightly less 
than 305, ooneider the latter governs, | : 
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es “S73 srmud iste 
K, = 1.5811 Like ee ee 
mi, = ‘Wego k's 157320 ~ ics = 6A,6 wood at net cegtions 


7 = isa age iui = bo.5 ) aie | = G4,4 & (OL ¢ Lb) 


Anoune specs rulers with ond condition “ny therefore pone 
es intermedt 


w=e [rezegee y*} = age} | ‘|. 0.855 kes 
ry ii, } x; eal Y ot 4 (Fe ” 
A. Onpecity yt to compression parallel to ereain in woods 


B Sapecity duo te boite ta bear! 


11669 x 0855 = 3506 Ie (Oh. Lh) L + me) 
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MEMBER DESIGN 


Verticals < 


Sinee main stress in verticale is compression, the same 
basic member as that in the top chord is used with limiting 
capacity of 61.4 k (DL + LL), However tensile counter 
stresses may be developed and therefore ita limiting 
capacity in tension must. be determined, 


Ae 


Be 


J. 


dD. 


Fr. 


dapacity duc to allowable stress in wood at intermediate 
section: 
41,69 x 1.6 x 1,50 = 100.0 k (DL + LL) 


Capacity due to allowable strese in wood at net section: 
(41.69 = 2 x 7.34) * = 84,4 & (DL + LL) 
) 


Capacity due to load value of shear plates: 


Capacity due to bolts in shear: 


Gapacity due to bolte in bearing: 
€ x 14,06 = O44 & (DL + LL + IMP) 


“Capacity due to tension in 10" effective gusset width: 
(10= 2 x if) xs xi 2%.27.0= 106, 5k (DL + LL + IMP) 


Since Limiting capacity of h 4 (DL + Lu + IMP) obviously 
governs, eliminating the impact portions reduces this figure 
to a eine eepacity of approximately 65.0 k (DL + UL). 
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Number of basic components required for various trues members. 


52-foot span 


2 Ps 
2 

2 2 
2 Fe 


78=-foot span 
Pa 


66a 


Wied ay f : 
% Wil ‘ 


| Sovkepen edencamoo olead to t6dmil | , 


Number of basio comnonents required for various truss members. 


52-foot span 
4 4 


78-foot span 
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104=-foot aaa 
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150-foot span 


ie wea Cv. ‘gee 


.overomm: esuvd adlune go® betinpey eaéaemocmec olnad Io tedesi 


naga Joot-S? 


eS | 
a 4 
x = | | 


elt ehde of the vertical, -gonsetuentty tha mumpot mast have / 


lee 


| hortzotal top edge thet oxtonde at least Courter te sixtesn i 


es “frase Dota «the protien of the tre dosign to Yih 

rte y completed at this points _It ronnins to deternine the 
of fabrinntion, “Pivot Let us sonsiter the lover chord 
pinte (Fic. 3). Se hae-teen determined that alt qussete 
1 be ene hale titeh thtok. \Bherefore only its @ape end nt 
schedule 4e now remidred> _ a lower ohord jointe on 


la: anvent for the seater Jolot- Wisro take aie bw dibaos 


mada nits te: Tt is topragtioal to attenpt to heng tho 


yoni the verticals; se they must year direstly on 
sp of she over etd connate _Paare wilt bea floor bome on | 


‘ 
+ 
a . 


mn 


outat de the edge of the vertichla, Ae a rogait it fe | “| 
ebte to base ite configuration on the canter foint wht two 

| Le wes ror stenderiization $6 use the same eam th at) a) 
over chord Joins, aes a | Aik: 
id text ta the sonnaatton of the hoor Sheene to the trustes. a 


In the ones of the Vight Wrhage trons ‘are two 12" by 18" Floors a 


beans ten lie on Bithor aide of the vortionis, fer te heavy 
bridge votes ae" by 1st clipe down ‘between the two cuter bonne f 
with ite ands Fnotng the Yerticels, To afford a sattstnotory | 

4 ourfade, ‘a Useheped holf ing tate (Mae v thet an 


Po / 
the yorbinal end boare on tho top edcoe of the lower 


sherd ‘ined Oa a “Tt is held ts poamerae by ounll as 


that secufe it to the gussets. The rae nan a) entrigtent width 
wer JShord J with Stiffve 


aie Sackhs Ue the hastiocle te seat the maddie deen te 


AP 


a 


Y ok mabich woone edt Yo made oft = sikates enor? oo 
at? antewaged of entamey &f .dakeg oid2 de betalqnoe eimutety 
beets wewet ef? tehtencs ex dol donk? mol dwotede’ bi attasob 
adwannn, Lim ferts boutovedob onad anf af (8 ght) otelq sovany 
hen oeate adh yloo eveteted? todas font ried ono od She 
wan wdertog rode xewot £6h bento won of elubedes abionmq 
caynth srt wun ovedd erode ‘nol, xednwe ed wot doone taLbaRR | 
att yon oF tquetin of Leotsoerqul ot 7 .ono ‘Yo bangenk as 
ee yldowsth saad Somm yale o8 talsoisaey edt oder 
dees oe cu glean ‘ances Tends oot ot ai 
“quad deen deneuy ott vLdeeupeaed .fenksany ett To whte i 
sestuis ab mntrasn donot ebonine dnit eyhe god Intncale | 
ot 3% thoeet o on aE A A ont 
eat wn mi sopath 


rag il 


a wn i nn a 
Pe ee eahtsd Sight od To one 2 ie 


aera wh uloetéver od %e ebte soitdte m0 ott dokte wa 


Sel ae on eed ones pind 
tewks nov edt gatent ote oot 


NI 


ZS ASE 
Ne x Oo-10" 
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Fig. 4 Floor-beam Bearing Plete 


the, ainteul the ioterier Ganeet + mprerte the ooat for the 
a | The sper chord jetnte ore flee * ay Giniler with the ex= 
| - sortton of the ‘center joints Again a eingle suseet, (Fig 5) 
i will be uned tn the interests of uniformity despite the fart that 
there #63) de umeosemey protrusions et the certor and end Joints. 
Aten erection the hautiehe portions could be burned ott if 
q it wore twstead to turrove the ayoearenoe of the structs, Prone 
it a ace of ee guaget ie nighly irvegalar and will be expensive 
te ant ont tt te Neened ndvinteceous % to make it eo and thereby 
“a aE he walcht. | | 
a: . ‘The basic whats are ‘eel in Thee 6. ay, eran eabare | 
zoo to compressive etreases require epader blocks of some ring 
at the nentor vetwece each of the basic mesbers, \ The bleeks ave 

a 4n placa, by tye polte and asse the gomponent ‘uonbers of the 

solwam to eo tn unteon under stress, The auager blosks | 

may be ether or ons planed down te hale inch thickness or & 
Xe hal f~inoh arilled steel strep, The top chord and vertical members 


; are primarily compression mewberss 90 they require spaver bloeke, 
, Since soce fiagonals sre subject to counter compressive stresses, 


they too should be drilled for spacer block bolts. The bottom 
ehords of the ond »fhiels thdoretioally fave Ad wtrese. jlovever 
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ae because their secondary stresses aight be eoupression, they must 
be provided with epaser blocka, ‘The soncluston 19 thet in fabri- 
| x Gabon 21 beeic members will be drilled for two bolt holes et 
isi if their senteres then after oredtion all truas sembers axserting 
: r the fiterfor bottom shord will ‘be Pitted with spaver blooks. 
Phe top chord senmhera were designed utder the soswartion 
that each ton chord panel point io laterally supported to prevent 
Wuskline., Leters] aupport san be provided by extending one of 
the floor-beams throurh and beyond the truss abeut seven feet 
ana then fnstelline « 6* by 8" brectine strut from ite end to the 
top chord. This arrencement cen be aécoxplished conveniently be- 
emuee of the double Mlotérehenne, The 12° wy 16" on one side of © 
the -vertiorl 1p extended throach the right truwe ani the ether 
i 42° by 18° throuch the left truss, Thas the waxinum Length of 
Poorehean needed in thse centarsto-senter eseeing of the trusaes 
Pla seven Peet whorene « single pisee Ploor-beau would have to: 
be extended ot both ends and besides being huge in seotion would 
be @xtrenaly lone. Por the heavy bridge the longest Sloor-beam in 
the crosesed desion ie a 12” by 18" twenty-six fect long which ie 
Siete trewile bridaw, o Gieder truce tr4are wule 
Ree Gees Shee th oem ef 2 wore ewrrteliond prattehitet tot pete 
eh es ihe Det dew Te erm Cowther sensluded thet ey (Loree 
maneisiae owt? itis *. vide meee Ter a2) cewiak eohS cl 
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The problem involved in this thesis ie an evaluation ef the 
military timber bridce recuirements for the . 3. Marine Gerps and 
the evelvenent of » deliberete plen by which these reculrenentse can 
be most offectively met, The evaluation ic intended te anewer the 
question of whet different timber bridzces are needed with regard to 
veriation in lead limits, typo ef senstruction, ausher of lende and 
span lencths. Thenee the plen for satisfying the reqvirenents en- 
@ompasees the dosion of #11 the essential struetures with speetal 
attention to feoiliteting their creouresent, supply end ersetion by 
Gennes of ctantrridiention and uiformity, © 5 © 

fhe objective Gs orfginnlly stated te "to predesign es fer as 
practicable the semiepermenent timber bridces which are most common- 
ly emploved by the 0. 5. Merine Sorpe ir militery operetione aecord- 
ing to the varying demend of treffia cenmesty, lond canecity and 
ite conditions; and te deternine the extent to ehich stenderdieation 
of construction ‘4ete11s, structures! deecipn and component anteriele 
required ia fehet thai 8<:2 604 OF eet oore Pine ant Goalies F3 

(>A etudy ef the vridge requirenents indicated thet the type of 
construction mee: freqentiy needed is the timber trestle bridge. 

On infrequent ceaasions where the cite preeludes the installation of 
@ tisber trestle wridce, « ticher trues bridce would be profiteble 
4m avoiding the use of « more specialized prefebriceted metal bridre 
‘eush as the Beiley, Tt was further sonslvded thet two different loed 
‘@apneitice would auffice to crovide passave for all combet, vehioles. 
The lighter capacity, nowinally 35 tone, is deeed on the MA typo tank 


CE EOD GA, MOREA: iV 
okt 20 mottovteve na nk whens atdé mh bevdowst emidowy ea? ng 
ins eyoet eoino® 48 i pele so’: adnomentaper ogbiad scabs yuethike 
nee gdoomedapes goods dette yd ania atevedtiod «© To tnowmlovo odd 
id menue Of doboeaed of mokiavleve ef7 show ylovlsoeThe oom ed 
od bunget sitiy heboon one weghiud veeals daateTith dod to molscoup — 
ioe aboot So cain _makiawideanes IW ways e@itall beol et maliotgew | | 
ane eheoweniupen afd gnitiakine «> anim et eonod?. .addpank ange 
Intoege Atte verudoinie Intencnae oft Iba to mach odd geneagmee 
qd wolsoore baa vio ydeerewoetg “uUedd qoldedtling) of aokgamsee — a 
 egtinreitma: ino golinstinrirate Me samp i. 
ot eh ne emtechory opt at hegecn wldmntntnn af eviveatse sis fe 
-trooen auatdorogs wusdhita mi vqsot ochre «hi. eld sexoteam at ¥ 
\ bee ythow ts pool .xstennee elites to branot gabyrey afd of Bak Ni We 
nokoastivastinede cichie oe deiecae att ankinedab of bee cosatethene eae 
efntredas dnocogme tre cyteet eustocwie (allneet aottendeccs.20 
ne Rhaviaeee: deel ants wayhivel ey cit alan a han 


sod: allie edhiien wets i cgi ofteot vedubt © ne 
Ta sek eieennr ining suena | 
deat Soreesth cut dase RebuTomae ventas wow JT wetted oft 0 Mem 
sotoiiey andnoe Hie te egnenag abiver OY eolvive bivor solstongne 
Wind aay? #F wit mo deand el yeunt EE yslentunn ~ydtonges not - 


as the limiting lord, The heavier aapecity of spproximately 55 — 
tons permite paseace of the 126 tank ae the most severe load. | 
Regardine the mamber of lanes it was decided that o sincleslene 
rosdway ia tho more ugual requirement but the demand for a fouble- 
lane roadway {@ frequent enouch to warrant its inclusion in the 
The atteck of the desien problem was preceded by the forau- 
lation of the desien eriteria which would covern, The MA and 26 
tenke were adopted without appreaiable change as the desicn ve-~ 
hielee for the Light end heavy bridges, respectively. Based on 
the actus! oversll widths of the desicn tanke ond arbitrarily © 
shesen clerranees, the required aleer sidths of roaduay were de- 
termined to be twelve ond one half feet for the single-lane ‘light 
bridge, twenty-two feet for the double-lene light bridge, fifteen 
and one holf fest for the sinrle-lane heavy bridge and twenty- 
@icht fect for the deuble-lane heavy brides. The allowable unit 
tresses in wood wore selested with the sim of eefely utilising 
the aajority of stress=crades of Southern Pine end Douglas Fir 
lunber. an analysie of the leeds of various duration in eonjune- 
tion with the attendant ineresses sermitted in nllowble streas 
proved that it 1a anfe to base desicn on twoethirds of moximum 
dead plue live load using the basic allownble stressss ani fmpact 
Gan thereby be icnored, The ellownble unit stresses in eteel 
Were selected from pertinent Department of the Arsy publiontions 
and for ailitary application are somewhat more Liberal than those 
corresponding in eivilian proetice. 
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In general the design computations followed the conventional 
 ~progedures of accented timber engineering, The only unique feature 
ee a NE SRNR AI 
| to promote stendardization wherever possible, The initial step wae 
AE AME AA LL ER ly ORI 
12" planks, 4” by 12% planks and 2" by 4" stripe laminated. . Thenoe 
genernl expressions for the required section modulus and area of 
strincere on a fifteen-foot span for structures heving plenk or — 
leminated decks and one or two treffie lenes were formulated. by 
the use of these expressions sourled with considerable trial and 
error, it wee found that the most advantageous combination of deck, 
stringer section snd stringer spacing is a 4" by 12" plank deak and 
8* by 16" stringers at sproings of 26" and 22° for the light. and 
heavy bridges, respectively. This means that all bridges within 


_ the aoope of this investication, regardless ef leai eopacity, number 


@f lenes or type of construction, will have tho exact seme deck and 
‘the sono size stringers, The only difference in the light and heavy 
‘Sridges of either width and any mode of construstion is the spacing 
‘Of the strincers. — 

"So ‘The design of the trestle dente would have been the logical 
“@trustural component to investigate aext. However it we felt that 
“Che numerous variables effecting their design cave little promise 
of profitable standardization. Jonsecuently the current preetice 
“Of providing heavy tiabers of 10" by 10" aige and larger to serve 
“ae Bills, poste and cape wae sooepted without any attempt at im 
‘provement, Thus the efforts towerd etiandardization sa might pertein 
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j 4 the trostle bridges wers completed. — tens 
4 dentimatioa ef the design efforts inte the somponente of 
russ atrusture uae undertaken, Beseuse of the unreasonable 
sections that would be required for floor-bemas ia double- 
e truss bridges of tae Light es well a6 the heavy load eapasity, 
ge truss bridges waa Limited to those of single-lane 
+ The Anvestigation of floorsbenns rewulted in the 
n of a 12” by 23" as the most appropriate section for the 
ge at hend. Utilizing two of these beams per panel point 
“mogts the Floor-beem roquirensat for the Licht truwe bride and 
three beng. of the exaet.seam sestion serve. the purpose in the 
“heavy truss bridges Thus.enly one size timber is reeutted t6 per- 
| . form. the Sunction of the fleor-beam in either the Tight or heavy 
‘ ) ies The dasign of the various length trusess for both the Ticht — 
wana eer the most promising solutien is 4 fall paretiel< 
—— ahord Pratt th thirtemnefeot heirht and panel length, It eust 
. be _noted thet employing the previously selected strin-ers on a two- 
| feet shorter aspen results in a slight degree of overdesign. However 
AB svems reasonable to perait design econoay to sive way ‘tc the den 
c : — dahaentaing:se.shecenee te:teth tent end heavy trusses 
——- MBLNO A apan Of 130 feebs tha raudere wore deat zned predicated on 
the plan of veing.« single basic seotion throughout al] trugees, 
The plen features the use of basis eouwpenont pices side by wide in 
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ne & number sufficient to meet the required meuber stress. Steel 


| gussets on the outside and between each of the component pieces 


‘at transmit the stresses at e@ joint in conjunction with the uee of 


vi shear plates as connectors. Phe basic section finally esleeted 


 feve4* by 12° which entails no addition to items already appear- 


Ang on the composite bill of onterials, for it te the very same 
seetion found in the desk. Gince all truss mecbers can be de- 
rived from sixteon foot pioees and the deck of the heavy bridge 
‘ie eixteen feet wide, 4" by 12" by 16! pieces may be provided 
and used indiserininately ae either deck planks or componente of 
trues menbera in either weight elags bridge, 

-' Phe Limiting values of the 4" by 12" baeic piece used as a 
component of top chord members, bottom chord meubers, vertienl 
members eni diezonnl members were each determined, Thence the 
 desten of any truss, Light or heavy, short cor long, consiets merely 
‘of dividing the seuber etreen by the appideable limiting velue of 
the 4" by 12" basic pisce te determine the site member required, 
Im order to avoid joint eecentricity of unknom effect it is 
deemed atvisable to use the besic components in even mltiples of | 
two. 

ov Three different steol plates, ali of helf insh thiaimesa, 
ere required in adiition te the wood menber to complete the trusses, 
One plate serves as the lewer chord gusset, enother is the upper 
chor’ sueset and the third io a bearing plate for the floorebesms, 
These plates serve their perpose in either the light or heevy truss. 
Another feature of standerdization insorporated in the trues dovim 
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% ‘This in summery yas the soquenen of ‘he orosedur followed 

iA the stopebyentep rewults, 
oe cs 1s the opinion of the writer thet the fuleilixent of 
: t e ‘evtginal objeative is by no means complete within the covers 
of # thie ' ‘thesia ‘though considerable progress toward ite ehtaieases 
8 boon mate, The major ‘elements of the conk=purnnnent timber 
ges which are most commonly omployed by the U. 9. Marine dorps 
i in ailitery operations have been predesirned herein. Nowever 
Mas tive cqvandl Maesida vale. etd} vensin 40 te ask dom, fer 
2, regarding the trestle bridges, « desicn ef bente for 


ever degree of etandsrfization feasible, In the anse of the truss 
mr bridces, satiafnotery details of the truss bearings are yet to be 
worked out. With rogerd to ell bridges, hardware requirenente need 
an be fixed, complete detailed drawings made, bill of materiale 

i @mumerated and erection schedules devised. 

: The features of stnudardizetion contained in the vroposed 

' | deulgne appear to represent come progress in the problem of gupply- 
a ; “tng 2 minime nusher of different timber sizes from which « variety 
ie of briige strustures could be erected. Por a given militery opera= 
- tion in which stream-crossings are anticipated, the following 
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materials could be provided: 


iii 


12° x 18" 
1/2" steol plates es shom 
in Figs. 3, 4, and 5 
4° shear pletes 
1" bolte and nutes with washers 
minor hardware including naila, 
bolte, drift pins, ete. 


ae with these materials the engineer in the field, using the proposed 
ss designs, would be capable of useting s wide range ef bridging 
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